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In order to increase the ability to provide diagnosis-specific interventions as early as possible, key 
emergent behavioral characteristics of ASD must be differentiated from more general developmental 
delays during the first two years of life.  Infant sibling studies may be limited in generalizability to the 
greater population since the majority of children with ASD do not have an affected sibling 
(Constantino et. al, 2010).   For this reason, it is important to gain more insight into which factors, if 
any, could be combined to increase positive predictive value for likelihood of ASD diagnosis in a 
sample comprised of infants identified through screening to be at elevated likelihood of later ASD 
diagnosis (EL-ASD).   
The Dynamic Systems Theory postulates that the relative instability of one domain of 
development impacts the expression of another (Estes et. al, 2015).   The literature suggests that  early 
motor skills and social communication (e.g., types of vocalizations and intentionality; social gesture 
use) as well as ability to shift eye gaze and temperament differences (e.g., negative affect, passivity) 
are correlated with ASD outcomes for prodromal infants (Ozanoff et. al, 2010; Zwaigenbaum et. al, 
2005; Zwaigenbaum et. al, 2015, Flanagan et. al, 2012; Paul et. al 2011; Garrido et. al, 2017; 
Woynaroski et. al, 2017; Colgan et. al, 2006; Crais et. al, 2009; Watson et. al, 2013; Wetherby et. al; 
Zwaigenbaum et. al, 2005; Zwaigenbaum et. al, 2015). This literature provides adequate evidence for 
the use of variables representing intentional social communication, coordination of eye gaze, motor 
development, and temperament as possible predictors for diagnostic outcomes from the research 
sample following a Dynamic Systems perspective. 
Background/Objectives
Data for this study were drawn from a sample of 53 infants at EL-ASD based on scores at 12 months of age 
on an ASD screening tool, the First Year Inventory (Watson et. al, 2017).  These infants participated in a 
battery of tests at two time points, 14 months and 22 months; outcomes at 22 months were measured using the 
Autism Diagnostic Observation Schedule (ADOS) calibrated severity scores (CSS; Gotham et al., 2009).  
Variables hypothesized to represent the same construct were aggregated to increase measure stability and 
reduce the number of variables in the model if they met the a priori criterion of r = .40 or higher.  We then 
examined first order correlations among the 14-month predictor variables as well as the predictor variables 
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Vineland Adaptive Behavior Scales: 
• Motor Summary Score
Mullen Scales of Early Learning: 
• Fine motor T-scores
Motor 
A linear regression using the above variables measured at 14 months as predictors and the ADOS calculated 
severity scores at 22 months as the dependent variable provided an R-value of .415 with R-squared of .172; 
thus, the full set of variables above accounted for 17.2% of the variance in ADOS calibrated severity scores 
at 22 months. Examining the coefficients for individual variables, gesture aggregate was significantly 
negatively related to later ADOS severity scores.  No other independent variables were significantly 
associated with the calculated severity scores in this model; however, there was a moderate magnitude of 
correlation for the eye gaze variable. 
Although the motor aggregate and eye gaze variables were weak predictors for total CSS, they both showed 
a moderate level of association with the gesture aggregate (.551 and .401, respectively).  The temperament 
aggregate did not show similar associations with any of the variables in these analyses. The measure of gaze 
coordination showed a low magnitude of correlation with the motor aggregate.   
The intercorrelations among the constructs offer support for a Dynamic Systems model linking gaze, motor, 
and gestures with one another. Successful intentional communication through gestures may rest on the 
integrity of development in the motor and social systems. 
Given findings in the regression model, early social communication through gestures is the best supported 
earlier variable to account for later severity of ASD symptoms. A Dynamic Systems model predicts that the 
proposed constructs would have shared variance which may provide an explanation for the gesture 
construct as the only significant variable within the regression model. 
Eye gaze was assumed to be an aspect of the motor construct; however, the low magnitude of correlation 
indicated that the eye gaze coordination score did not capture the motor aspects of gaze.  Instead, the 
measurement criteria for eye gaze coordination on the Communication and Symbolic Behavior Scales 
(CSBS) appears to tap more into social aspects of gaze rather than motor aspects.  Unexpectedly, speech 
standard scores were not significantly correlated with ADOS severity scores despite the fact that both 
gestures and speech were assumed to be aspects of the social/intentional communication construct.  One 
possible explanation for this finding could be that early differences in gesture use are more salient in young 
children at EL-ASD who go on to show more severe symptoms of ASD,  whereas some children in this 
sample at all levels of ASD symptom severity had documented speech/language delays. 
Although only the gesture aggregate accounted for significant unique variance in overall ASD severity 
scores within the regression models, including other variables in the model increased the total variance 
accounted for beyond that accounted for by gestures alone.  This may present a risk for replication with an 
independent sample.  










ADOS CSS -.187 -323** -.340** -.049 -.104
CSBS Speech -- .401** .465** .281* .119











1. Baranek, G. T. (1999). Autism During Infancy: A Retrospective Video Analysis of Sensory-Motor and Social Behaviors at 9–12 Months of Age. Journal of Autism and Developmental Disorders.
2. Colgan, S. E., Lanter, E., McComish, C., Watson, L. R., Crais, E. R., & Baranek, G. T. (2006). Analysis of social interaction gestures in infants with autism. Child Neuropsychology, 12(4-5), 307–319. d
3. Constantino, J. N. (2019). Early behavioral indices of inherited liability to autism. Pediatric Research, 85(2), 127–133. 
4. Crais, E. R., Watson, L. R., & Baranek, G. T. (2009). Use of gesture development in profiling children’s prelinguistic communication skills. American Journal of Speech-Language Pathology / American Speech-
Language-Hearing Association, 18(1), 95–108. 
5. Dawson, G. (2008). Early behavioral intervention, brain plasticity, and the prevention of autism spectrum disorder. Development and Psychopathology, 20(3), 775–803. 
6. Estes, A., Zwaigenbaum, L., Gu, H., St John, T., Paterson, S., Elison, J. T., … IBIS network. (2015). Behavioral, cognitive, and adaptive development in infants with autism spectrum disorder in the first 2 years 
of life. Journal of Neurodevelopmental Disorders, 7(1), 24. 
7. Flanagan, J. E., Landa, R., Bhat, A., & Bauman, M. (2012). Head lag in infants at risk for autism: a preliminary study. The American Journal of Occupational Therapy, 66(5), 577–585. 
8. Garrido, D., Watson, L. R., Carballo, G., Garcia-Retamero, R., & Crais, E. R. (2017). Infants at-risk for autism spectrum disorder: Patterns of vocalizations at 14 months. Autism Research : Official Journal of 
the International Society for Autism Research, 10(8), 1372–1383. 
9. Gordon, R. G., & Watson, L. R. (2015). Brief report: gestures in children at risk for autism spectrum disorders. Journal of Autism and Developmental Disorders, 45(7), 2267–2273. 
10.Gotham, K., Pickles, A., & Lord, C. (2009). Standardizing ADOS scores for a measure of severity in autism spectrum disorders. Journal of Autism and Developmental Disorders, 39(5), 693–705. 
11.Landa, R., & Garrett-Mayer, E. (2006). Development in infants with autism spectrum disorders: a prospective study. Journal of Child Psychology and Psychiatry, and Allied Disciplines, 47(6), 629–638. 
12.Miller, M., Iosif, A.-M., Hill, M., Young, G. S., Schwichtenberg, A. J., & Ozonoff, S. (2017). Response to name in infants developing autism spectrum disorder: A prospective study. The Journal of 
Pediatrics, 183, 141–146.e1. Ozonoff, S., Iosif, A.-M., Baguio, F., Cook, I. C., Hill, M. M., Hutman, T., … Young, G. S. (2010). A prospective study of the emergence of early behavioral signs of autism. Journal 
of the American Academy of Child and Adolescent Psychiatry, 49(3), 256–66.e1. 
13.Parladé, M. V., & Iverson, J. M. (2011). The interplay between language, gesture, and affect during communicative transition: a dynamic systems approach. Developmental Psychology, 47(3), 820–833. 
14.Paul, R., Fuerst, Y., Ramsay, G., Chawarska, K., & Klin, A. (2011). Out of the mouths of babes: vocal production in infant siblings of children with ASD. Journal of Child Psychology and Psychiatry, and Allied 
Disciplines, 52(5), 588–598. 
15.Piven, J., Elison, J. T., & Zylka, M. J. (2017). Toward a conceptual framework for early brain and behavior development in autism. Molecular Psychiatry, 22(10), 1385–1394. 
16.Watson, L. R., Crais, E. R., Baranek, G. T., Dykstra, J. R., & Wilson, K. P. (2013). Communicative gesture use in infants with and without autism: a retrospective home video study. American Journal of 
Speech-Language Pathology / American Speech-Language-Hearing Association, 22(1), 25–39. 
17.Watson, L. R., Crais, E. R., Baranek, G. T., Turner-Brown, L., Sideris, J., Wakeford, L., … Nowell, S. W. (2017). Parent-Mediated Intervention for One-Year-Olds Screened as At-Risk for Autism Spectrum 
Disorder: A Randomized Controlled Trial. Journal of Autism and Developmental Disorders, 47(11), 3520–3540. 
18.Wetherby, A. M., Woods, J., Allen, L., Cleary, J., Dickinson, H., & Lord, C. (2004). Early indicators of autism spectrum disorders in the second year of life. Journal of Autism and Developmental 
Disorders, 34(5), 473–493.
19.Woynaroski, T., Watson, L., Gardner, E., Newsom, C. R., Keceli-Kaysili, B., & Yoder, P. J. (2016). Early Predictors of Growth in Diversity of Key Consonants Used in Communication in Initially Preverbal 
Children with Autism Spectrum Disorder. Journal of Autism and Developmental Disorders, 46(3), 1013–1024. 
20.Zwaigenbaum, L., Bauman, M. L., Stone, W. L., Yirmiya, N., Estes, A., Hansen, R. L., … Wetherby, A. (2015). Early identification of autism spectrum disorder: recommendations for practice and 
research. Pediatrics, 136 Suppl 1, S10–40. Zwaigenbaum, L., Bryson, S., Rogers, T., Roberts, W., Brian, J., & Szatmari, P. (2005). Behavioral manifestations of autism in the first year of life. International 
Journal of Developmental Neuroscience, 23(2-3), 143–152. 
